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Series No. 5.— Bureau of Mines laboratory, Golden, Colo.', May SO and SI, 1919 — 15* 
minute tests at 5-minute intervals. 

12 STEOKES PEE MINUTE. MAY 39, 1919. 
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THE WEIL-FELIX REACTION AS A LABORATORY TEST IN THE 

DIAGNOSIS OF TYPHUS FEVER. 

By Ida A. Bekqtson, Bacteriologist, United States Public Health Service. 

The Weil-Felix reaction, which has recently come into use as a 
means of diagnosing typhus fever, is of special interest in that an 
organism which has not been shown to be etiologically concerned in 
the disease can nevertheless be used for the diagnosis of typhus 
fever in the same way that the typhoid bacillus is used in the diag- 
nosis of typhoid fever by the well-known Widal test. Whether it 
may ultimately be shown that the reaction is due to the presence as 
secondary invaders of the Proteuslike organisms which are used in 
the test, or whether it is entirely nonspecific, the reaction is still a 
very useful one for the reason that no satisfactory laboratory method 
of diagnosing typhus fever, aside from animal inoculations, had 
previously been discovered. 

A recent article in the Journal of Hygiene by N. Hamilton Fairley (1) * 
on the laboratory diagnosis of typhus fever, calls attention to the 
significance and value of this reaction which was first investigated 
by Weil and Felix (2) ' in 1915. A number of cases in east Galicia 
were encountered by these workers, which strongly resembled typhoid 
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fever; but examination of the blood, stools, and urine failed to 
demonstrate typhoid bacilli. These cases were later diagnosed 
clinically as typhus fever. From the urine of one of the cases ail 
organism was isolated which was agglutinated by the patient's own 
serum in a dilution of 1 :200. This organism was not agglutinated by 
typhoid, paratyphoid A, paratyphoid B, or dysentery serum. The 
organism, designated as X 2 which closely resembled the Proteus 
type of organisms culturally and serologically, was agglutinated by 
the serum of 8 similar cases, and later it was demonstrated that the 
serum of many undoubted typhus cases showed agglutination with 
this organism. Another strain, X 19 , which was more sensitive to 
agglutination, was later isolated by the same workers. 

The organism first isolated by Weil and Felix is described by them 
as a short, thin, Proteuslike, gram-negative rod, which is slightly 
motile, forming blue colonies on Conradi-Drigalski medium, and 
colorless colonies, which later become red, on Endo-medium. It 
ferments glucose and lactose ( ?) and produces an acid reaction in 
litmus milk, followed by curdling; it liquefies gelatin and grows like 
Proteus in plate cultures. The organism used by Fairley in the 
article referred to is described as producing acid and gas in glucose, 
saccharose, maltose, and mannite, but as not fermenting dulcite or 
lactose. It produced acid in milk, but without clot, and indol. 

Cultures of the two organisms X 2 and X 19 were recently received at 
the Hygienic Laboratory through the courtesy of Dr. C. Alsberg, 
Chief, Bureau of Chemistry, and were compared as to cultural and 
agglutination reactions with a number of Proteus strains which form 
part of a collection recently studied by the author (3) .' While the 
cultures resembled these strains in important points, there were cer- 
tain differences, in degree rather than in kind, of certain reactions. 
This was particularly true as regards proteolytic activity. Gelatin 
was liquefied more slowly and to a much less extent than by typical 
Proteus vulgaris cultures, litmus milk was decolorized and the casein 
digested slowly, and blood serum was not digested in 14 days while 
five Proteus vulgaris cultures showed complete digestion in 7 days. 
Indol was formed in peptone broth, and nitrates were reduced to 
nitrites and ammonia. Acid and gas production were observed in 
glucose, saccharose, and maltose, but not in lactose, mannite, or 
rafnnose media. The fermentation reactions correspond to those of 
one of the two main types into which Proteus vulgaris strains fall, it 
having been observed that one type fermented only glucose while 
the other fermented also saccharose and maltose. Wenner and 
Rettger (4) 1 propose tbe name Proteus mirabiles for the latter type. 

i Number indicates reference cited. 
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A study was also made of agglutination reactions and it was found 
that the organisms X 2 and X 19 were agglutinated strongly by the 
immune sera produced from certain Proteus vulgaris strains and not 
at all by others. Also, immune sera produced from X 2 and X >9 
agglutinated certain Proteus vulgaris cultures but not others. This 
is somewhat in accord with the findings of Weil and Felix (5) 1 who 
divided nonspecific Proteus strains which do not agglutinate with 
serum from typhus cases, into three groups: (I) Strains not agglu- 
tinated by rabbit immune sera from X strains; (II) those feebly 
agglutinated, and (III) those strongly agglutinated. None of the 
Proteus strains which they term saprophytic was agglutinated by 
the serum of typhus fever patients. 

The question of the relationship and significance of organisms of 
the type X 2 and X 18 to typhus fever is debatable. Weil and Felix 
and other Austrian authors, as well as certain English authorities (6), 1 
ascribe the agglutinating properties of the serum of typhus patients 
to the presence of the organism as a secondary invader. A compila- 
tion of the successful isolations of the organism from the blood and 
urine of typhus patients by Felix (7) 1 shows that the organism was 
isolated 44 times from several hundreds of cases. 

The presence of immune bodies other than agglutinins, particularly 
complement-fixing bodies, has been investigated with a view to 
establishing the relationship of the X strains to typhus fever, but 
uniform results have not been obtained. Craig and Fairley (8) and 
Fairley (1), as a result of their investigations and failure to demon- 
strate complement fixation with antigens of the X strains, consider 
the secondary invasion hypothesis untenable. In Fairley's investi- 
gation it was shown that sera from undoubted typhus cases aggluti- 
nated the organisms regularly, but complement fixation was nearly 
always absent (55 out of 58 cases negative). As further evidence of 
nonspecificity it is reported that the serum of man and monkeys 
inoculated subcutaneously with the X strains showed not only 
agglutination but complement fixation. Fairley explains the Weil- 
Felix reaction as due to the presence of secondary or heterologous 
agglutinins formed by the specific agglutinogen. He states that 
a review of the literature discloses the fact that the sera of typhus 
cases must be especially rich in secondary agglutinins as agglutina- 
tion of B. typhi-exanthematici (Plotz), B. typhosus, Bacillus "U," 
of Wilson has been described, as well as that of the X strains of Weil 
and Felix. Reichenstein (9) 1 and Wagner (10), 1 on the other hand, 
report positive complement fixation, the former in 40 per cent of 
cases tested and the latter in all of the 6 cases tested. The evidence 

' Number Indicates reference cited. 
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thus far presented does not appear to be sufficient to show conclu- 
sively the exact relationship of the organism to the disease. 

As to the constancy of the reaction, it apparently is of such a degree 
that the reaction is of very considerable value in the diagnosis of 
typhus, fever. The recent work of Fairley carried out in Egypt 
demonstrates this. The sera of 63 out of 65, or 97 per cent of cases, 
showed positive agglutination reactions with the organisms; while 
out of 120 non-typhus cases no positive agglutinations were obtained 
in a dilution of 1:20. Weil and Felix (ll), 1 in one of their earlier 
reports, state that 125 positive reactions and 1 negative reaction 
were obtained in 126 clinically positive cases of typhus fever. In 
632 control sera from other diseases, including typhoid fever, variola, 
meningitis, and relapsing fever, about 12 per cent showed positive 
reactions in a dilution of 1:25 of the serum; but in practically all 
cases agglutination was incomplete and delayed. 

The reaction appears during the first week of illness, but is at its 
height during the second week and during convalescence. Thus, 
Fairley (l) 1 has shown that 35 cases examined during the pyrexial 
period showed agglutination in dilutions of 1 : 20 to 1 : 1280 between the 
fifth and thirteenth days. Convalescent cases showed agglutination 
for a longer period than 22 days. A limited number of mild cases 
have failed to show positive reactions, and it was also found by Weil 
and Felix (ll) 1 that the reaction sometimes failed in severe 
cases. 

The field of applicability of this reaction is large, as is apparent from 
the above results. The facts that the reaction appears early in the 
disease and in a high percentage of cases, and is negative for other 
diseases, make it a useful means of diagnosis even though the reaction 
has not been proved to be specific in the sense that many other 
organisms are specific when agglutinated by the serum of cases of the 
disease. The fact that the Wassermann reaction for syphilis is non- 
specific as to antigen makes it none the less valuable as a diagnostic 
test. 

The technique of the test as recommended by Weil and Felix (11), 
(12) 1 is as follows: A freshly grown agar culture is used, the growth 
suspended in 1 .5 cc. of salt solution, and tests made with 1 : 25 and 1 : 50 
dilutions of the serum of the suspected case. In positive cases the 
agglutination titer should rise from 1:25 on the sixth clay to 1:200 
to 1:500, or higher, on the twelfth day. If the titer is 1:25 on the 
first test and does not rise higher, typhus may usually be excluded. 
The use of killed culture antigens has been advocated by others. 
Jacobitz (13) ' states that the agglutinability of the organism is 
increased by exposure to a temperature of 60° C. for one hour. An 

> Number indicates reference cited. 
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alcoholic preparation of antigen, which is said to keep for two years, 
has been advocated by Sordelli, and has been used by Kraus (3 4) 1 
in South America, and by others. 

The Hygienic Laboratory has had occasion to put the test to prac- 
tical use only a single time, when complete agglutination in a dilution 
of 1 :400 and incomplete agglutination in the dilution 1:800 with the 
serum of a typhus case were obtained during the second week of the 
disease. A culture of B. typhosus Bawling and four cultures of 
Proteus vulgaris were not agglutinated in a dilution of 1:50. 

Apparently the test, which has been used extensively not only in 
Europe but also in South American countries and elsewhere, is des- 
tined to be of great practical value as a laboratory aid in the diagnosis 

of typhus fever. 
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